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This invention relates to substances which ;„!,;».• 



Background >rf the 
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mRNA. ReccnUy,KendaU&Thomas(l993PNAS 90, 10,705-10,709,^094/21679) 
described the discovery of a soluble form of FLT receptor (sFLT) generated by alternative 
splicing. 

Essentially, Kendall & Thomas screened a human umbilical vein endothelial cell (HUVEC) 
cDNA library with one probe specific for the 3' end of the fit coding region (encoding the 
intracellular tyrosine kinase domain) and with another probe specific for the 5' fit coding 
portion (encoding one of the extracellular N terminal domains). Clones which hybridised 
with the 5' specific probe but not with the 3' specific probe were selected for further 
study In this way, a clone was isolated which encoded a soluble FLT polypeptide lacking 
the transmembrane domam and the intracellular domain. The truncation resulted from 
"readthroush" to an intronic tennination codon. It was suggested by Kendall & Thomas 
that the soluble receptor could act as an efficient specific antagonist of VEGF in vivo. 

The present invention is based on the discovery of further soluble variants of FLT, the 
existence of which was not predicted by the teaching of Kendall & Thomas. 

cmtr^rv nf the Invention 

In a first aspect the invention provides an altered, soluble form of the FLT polypeptide 
being capable of binding to VEGF and thereby exerting an inhibitory effect thereon, the 
polypeptide comprising five or fewer complete immunoglobulin-like domains . Preferably , 
the altered FLT polypeptide comprises four or fewer complete Ig-like domams. The 
altered soluble FLT polypeptide inhibits VEGF by preventing it binding to its natural 
receptors, fltandKDR, present on the surface of target cells. Surprisingly, such truncated 
forms, lackmgamajor extracellular portion of the molecule, are believed to retain affimty 

for VEGF. 

The term "soluble" as used herein is intended to refer to altered forms of the FLT 
polypeptide which do not comprise a transmembrane domain and thus generally do not 
become associated with the cell membrane of cells in which the molecule is expressed. 
In particular, the invention provides soluble altered forms of the FLT polypeptide 
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functional equivalent" as used ahm/a ■ • ^vaxem thereof. The term 

me polypeptides encoded by FLT4 or ft ti « , 
re spect to the unaltered full length pit , 715 (with 

— - tahihta, effe c, „ ^ m «— ——ft - which 
""MOOOtoMmmoxM^ """""V comprise 

by^i^DNAactaoio,,. te ^* amto = tap*,, 

4 sequence shown ta Fimrc , „ r ""^ mSened » P 05 ™" 1«J of *e FLT 

M a resn,, of tte ' ^ 4 ^ but which differ in nucieodde 

after premam ^.mrn^ _ _ ' * ,UnCe ™ ""' 

coaxes of ,he «„« « T ^ "* 

^ P Accord «gly. nucleic acid molecules without 
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such sequences are also regarded as functionally equivalent for the purposes of the present 

invention. 

Conveniently , the nucleic acid will substantially comprise the nucleotide sequence of FLT4 
or FLT15 shown in Figure 3, together with the nucleotide sequence encoding the N- 
tenninus of unaltered, wild-type FLT. Advantageously, the nucleic acid will be obtainable 
by means of PCR amplification from a sample of human cells. Desirably , the nucleic acxd 
will be obtainable by means of PCR using primers intended to hybridise to non-conserved 
regions of the FLT molecule. Conveniently, the nucleic acid sequence will be obtainable 
by use of PCR primers designed to hybridise to the regions of the FLT sequence shown 
underlined in Furore 3, or immediately adjacent thereto. In particular, the PCR primers 
will conveniently have substantially the sequence: 5'- GCAAGGTGTGACTTTGTTC -3' 
and 5'- AGGATTTCTTCCCCTGTGTA -3'. 

In another aspect, the invention provides a method of inhibiting VEGF in vitro, 
comprising adding an effective amount of the polypeptide defined above. It may also be 
desirable to inhibit VEGF in a human subject. Thus the invention provides a method of 
inhibtog VEGF in a human subject, comprising adrnmisteriung an effective amount of the 
polypeptide defined above, together with a physioologcially acceptable carrier substance. 
In particular, VEGF provides a mitogenic stimulus (particularly involved in angtogenes*), 
so inhibition of VEGF would be expected to provide therapeutic effects in the treatment 
of tumours or disorders involving inappropriate revascularisation. 

In particular me invention provides for a method of treating tumours or diseases involving 
inappropriate revascularisation, comprising aclnnnistering an effective amount of the 
polypeptide defined above, together with a physiologically acceptable carrier substance. 
Suitable diseases which might be amenable to treatment include ovarian cancer and ovanan 
hyperstimulation (Boocock et al., 1995 J. Natl. Cancer Inst. 87, 506-516). 

Furthermore, it has been conclusively demonstrated that FLT is expressed by trophoblasts 
and cells from ovarian and endometrial tissues (Chamock-Jones « al, 1994 Biology of 
Reproduction 51, 524-530), which clearly suggests a role for VEGF in the growth and 
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^ involving iMppropriae neovasauarisation. Examples of sucncohutaons and 
naeases are detailed, inter * in WO94/10202 ard «W» » <— "» * 
^ «Wa * • -** <* -«* » pbanmceutical compostion, eompnstng 
.nixing the polypi defined above together wUh a physiotogcially acceptable earner 

substance. 

Tie invention will now be described by way of the foUowing ulusuative examples and 
with reference lo lie drawings, of which: 

Figure 1 shows an amino acid multiple alignment of closely rented tyrosine kinase 
receptors (fit. fins and kit. Tcif being another name for KDR); 

Figure 2 shows typical results of agarose gel electrophoresis demonstrating the exisfcnee 
of alternatively-spliced fit-coding sequences in various tissue samples; 

Figure 3 shows the nucleotide seouence of the 3' region of the sequences encoding fall 

FLT4 and FLT15, which encode polypeptides according to the invention; 

Figure 4 is a schematic representation of wild type and mutant FLT molecules; and 

Figure 5 shows tbe C terminal amino acid sct^ of two polyp^tides m acct^e 

with the invention. 

5L* FLT. the VEOF receptor, was investigated in cell lines derived from human 
trophoblast-Uke and ovarian and erfometiial carcinomas, the 
(choriocarcinoma) cell line used was BeWo (obtained from the Amencan Type CuUme 
lotion. Rockville MX, USA,. The e*omettial carcinoma cell ,*es we* „ 
(obt atned from Professor M Nishide. University of Tsukuba. Japan), and HEC -A and 
HEC 1-B (from ATCC, USA). Tne ovarian cancer cell lines were 7, 17R, .5, 25R and 
35 TneseweKaUshownBbeofepitetialorigma*^ 
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apse (line 25R originating from the same patient as line 25). 

BeWo cells were grown in Ham's F12, according to ATCr 

Endometrial carcinoma lines were *rown • aa 7 recommendations. 

lines were grown m McCoy's medium GCN Finn, r 
Irvine, UK) with 10% .« Laboratories, 

' A; wim I0% foe tal calf serum (ICN Flow) tjIik 7 m \x r . 

It was decided to investigate expression of FLT in these ei.li r , 
^onucieoudeprinK* a*, probes 



receptors, lie regions chosen for j . 

-tnesepraeinse^ ^ *" *— 



8) 5" GCGCTCGAGAnr A Tr rtnr| ^ r 
C > » , OCOC0QCCOCAnTAA M .pv. 1 .. 
D > 5 ' AGOArrrt-n- crrpTn^ ^ r 



Tie underlined portions of these oligonucleotides arc tb, _ 

* CDNA sconce. ^ ote nuCoJ^ " ** ' 

^ «*. nsed .ere: first ronnd wit* prj^ " 

scconasjx25. The internal primers B and C had sin* fnr t u . . 

I and Eas I respectively at their 5- . h reStnCti ° n enZymes 3010 

- ^spccnvely at their 5 ends to permit directional cloning of the products. 
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It was found that certain tissues gave rise to PCR amplification products of notably larger 
size (as judged by agarose gel electrophoresis) than observed for the full length FLT 
cDNA product. Typical results are shown in Figure 2. 

PCR products obtained using the nested set of primers A-D were run out on a gel. Lanes 
1-3 are products obtained from primary tissue samples of the ovarian carcinomas 
designated 17, 17R and 25R. Lanes 4 to 7 are products obtained from cell lines 
established from the ovarian carcinomas 7, 17R, 25 and 25R. Lanes 8 to 10 are the cell 
lines HEC 1-A, HEC 1-B and Ishikawa respectively. Lane 11 contains products from 
HUVECs. 

The standard size band was of the expected size (around 285bp) and was found to be 
identical to the 3' end of the published fit sequence (Shihuya et al., 1990 Oncogene 5, 
519-524) However it can be clearly seen that in addition to the full length fit cDNA 
PCR-amplified product, in lanes 2 (17R, primary tissue) and 4 (7, cell line) are larger 
bands of approximately 360bp. A faint band of similar size was also apparent m lane 5 
(17R cell line) but is not clearly seen when the gel photograph is reproduced. These 
larger bands were extracted from the gel by known techniques and subcloned into the 
plasmid vector pBluescript U KS and then subjected to sequence analysis usmg the 
dideoxynucleotide sequencing method (Sanger et al., 1977 PNAS 72, 5463-5467). 

Sequencing of five independent clones (Boococker a/., 1995 J. Natl. Cancer Inst. 87, 506- 
516) revealed that each contained one of two novel insertions within the published fit 
sequence, in the region between the primers. Three of these clones (termed FLT5, FLT15 
and FLT16) contained an 85bp insertion at about position 1555, whilst two other clones 
(FLT13 & FLT14) contained a 65bp insertion at about position 1665 (see Figure 3, 
numbering based on that of Sbibuya et al., 1990 cited above). The insertions account for 
the larger band size of the PCR products. However, both insertions contain an m-frame 
termination codon. so that corresponding full length RNAs would encode soluble, 
truncated receptor variants comprising the first five immunoglobulin-like domains of the 
extracellular region, up to amino acid 517 or 553, with either 24 or 14 (of which 13 are 
additional) unrelated amino acids at the C-terminus. 
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ovanan carcinoma ceU line 7 usine Drim ^ Chorion and 

.-.-"r.rr-rj--"- 

version described by Kendall & 1W fci ^ 

- « ~ *e P0lypeptide ^ — -oded b y M 

*e number of amino acids in the ™, , a,B,Bll,i * * sho " 



Figure 5 shows the predicted C terminal 

» from the wild type FLT ^ — — « ' * FLT!5 clooe, 
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1 An altered, soluble fonn of the FLT polypeptide being capable of binding to VEGF 
and thereby exerting an inhibitory effect thereon, the polypeptide comprising five or fewer 
complete immunoglobulin-like domains. 

2. A polypeptide according to claim 1, comprising four or fewer complete 
immunoglobulin-like domains. 

3 A polypeptide according to claim 1 or 2, having at its C terminus substantially the 
amino acid sequence of FLT4 as shown in Figure 5, or a functional equivalent thereof. 

4 A polypeptide according to claim 1 or 2, having at its C terminus substantially the 
amino acid sequence of FLT15 as shown in Figure 5, or a functional equivalent thereof. 

5. A polypeptide according to any one of the preceding claims, comprising around 400 
to 500 amino acid residues of the wild type FLT polypeptide. 

6. A nucleic acid sequence encoding a polypeptide in accordance with any one of the 

preceding claims, 

7 A nucleic acid sequence according to claim 6, comprising the sequence of the 
nucleotides inserted at position 1655 of the FLT4 sequence shown in Figure 3, or a 
functional equivalent thereof. 

8 A nucleic acid sequence according to claim 6, comprising the sequence of the 
nucleotides inserted at position 1555 of the FLT15 sequence shown in Figure 3, or a 
functional equivalent thereof. 

9. a method of inhibiting VEGF in vitro, comprising adding an effective amount of a 
polypeptide in accordance with any one of claims 1 to 5. 
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10. A method of inhibiting VEGF in 

■ ^logically accept ^ ^ "* ^ ° f ^ ' * * — - 

inappropriate neovascularisation. 105510116111 ° f ° T diseases ^'ving 

12. A method according to claim 11 for *. „. 

hyperstimulation, or endometriosis. ' * ° f 0Varian Cancer ' 

13- A method of affecting the growth and/or miprari , 

endometrial eel, by Siting ^ * ^blasts, ovarian or 

amount of a polypeptide in accordance with anv7 ^ * * " ^ 

Physiologic acceptable carrier substance. ' * * ^ ^ a 

14- A method of regulating the fertility of a h, , ' 

effective amount of a polypeptide in acco^L * ° f »■ 

^.*^^^^^-»-«- 1 »5, together 

15. ApharmaceuUcal composition for use in * , 
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